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Preface 


The  purpose  of  this  study  was  to  determine  the  causes  of 
inflight  refueling  mishaps  with  the  XC-135.  The  information 
is  structured  to  provide  detailed  information  as  to  the 
causes  of  aerial  refueling  mishaps  to  pilots,  maintenance, 
safety,  and  design  personnel.  If  the  causes  of  mishaps 
are  known,  more  emphasis  can  be  placed  on  controlling  the 
causes . 

In  accomplishing  this  report,  I  had  a  great  deal  of  help 
from  others.  I  would  like  to  thank  my  advisor.  Professor 
Albert  Rogers,  for  his  patience  and  guidance.  I  would  also 
like  to  thank  Lt  Donald  McNeely,  USM.  His  Naval  experience 
and  direction  were  invaluable  assets  in  the  completing  of 
this  report.  Finally,  I’d  like  to  thank  my  wife,  Capt 
Victoria  Vitucci.  Without  her  involvement  I  would  have  not 
obtained  the  data  which  became  the  genesis  of  this  thesis. 
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Abstract 

m  ' 

The  purpose  of  this  study  was  to  determine  the  causes  of 
inflight  refueling  mishaps  with  the  KC-135.  The  study  had 
three  main  objectives:  (1)  To  categoriz.^.  the  causes  of 
KC-135  inflight  refueling  mishaps.  (2)  To  compare  mishaps 
«^en  refueling  from  the  boom/drogue  adapter  (BDA)  to  mishaps 
when  refueling  from  the  boom.  (3)  To  compare  KC-135  mishaps 
with  f ightsr/attack  aircraft  to  KC-135  mishaps  with  heavy 
aircraft . 

The  study  was  accomplished  by  first  determining  the  causes 
of  inflight  refueling  mishap  incidents.  The  data  was  then 
categorized,  and  finally  analyzed. 

The  study  foxind  seven  basic  causes  of  inflight  refueling 
mishaps  with  the  KC-135.  The  predominate  cause  of  inflight 
refueling  mishaps  is  the  receiver  pilot.  When  comparing 
boom/drogue  adapter  inflight  refueling  mishaps  to  boom 
mishaps,  the  second  leading  cause  of  mishaps  differs.  In  BDA 
inflight  refueling  mishap  incidents,  the  second  leading 
cause  is  BDA  failure.  In  boom  inflight  refueling  mishaps, 
the  second  leading  cause  is  the  boom  operator.  In  comparing 
fighter/attack  aircraft  inflight  refueling  mishaps  to  heavy 
aircraft  inflight  refueling  mishaps,  the  ranking  of  causes 
is  the  same.  The  leading  cause  was,  again,  receiver  pilot 
error  and  the  second  leading  cause  was  boom  operator  error. 

Although  useful,  the  format  of  the  Air  Force  Inspection 
and  Safety  Center  summary  reports  impede  data  analysis.  The 
researcher  recommends  a  study  into  the  organizing  of  the 
information  contained  in  the  svimmary  reports  in  a  form  more 
suitable  for  data  collection  and  analysis. 
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ANALYSIS  OF  TOT  CAOSES  OF  IITFLIQHT 
OTFPKLIHQ  MISHAPS  WITH  TOT  KC-133 


I .  Introduction 


Overvlow 

Th«  auccoaa  of  th«  United  Statea  aviation  forcea  la 
directly  related  to  the  ability  to  manaje  aviation  reaourcea 
effectively  and  efficiently,  auataining  the  feweat  number  of 
peraonnel  and/or  machine  failure,  and  the  leaat  poaaible 
accidental  loaaea.  The  whole  baaia  of  the  varioua  aervicea 
accident  InveatlEatlnE  and  reporting  ayatem  la  to  analyze 
accidenta  and  mlahapa  and  reaearch  waya  to  prevent 
reccurrence.  Many  coatly  leaaona  have  been  learned  from 
aviation  accidenta  and  thoae  leaaona  learned  have  been 
applied  to  correct  ayatem  inadequaciea .  Thia  proceaa  of 
collecting  information  about  the  paat  and  analyzing  it  with 
the  intent  to  affect  the  future  la  the  baaia  of  miahap 
prevention. 

The  purpoae  of  thia  report  ia  to  aaalat  in  the 
underatanding  and  determination  of  aerial  refueling  mlahapa 
with  the  XC’-135  through  the  atudy  of  hlatorical  data.  Nearly 
every  miahap  contalna  evidence  which  when  analyzed  will 
allow  the  cauae  to  be  determined  ao  that  action  can  be  taken 
to  minimize  or  eliminate  reccurrence.  Thua .  the  objective  of 
thia  report  la  to  gather  data  and  obaerve  what  cauae  factora 


1 


t«nd  to  rocur  acroa*  a  variaty  of  aircraft  and  within 
one  aircraft  type. 

Statement  of  tha  Problem 

Air  Force  Be^ulationa  require  the  inveatigation  and 
reporting  of  all  U.S.  Air  Force  miahapa.  AFB  127-4  explaina 
how  to  do  the  varioua  reporta  and  the  reaponaibilitiea 
required  in  inveatigating  and  reporting.  The  regulation 
atipulatea  that  the  Air  Force  Miahap  Inveatigatlon  and 
Beporting  Program  la  to  be  managed  by  the  Air  Force 
Inapection  and  Safety  Center  (AFISC) .  Part  of  AFISC 
reaponaibilitiea  aa  detailed  in  AFB  127-4,  ia  to  decide  on 
the  final  miahap  claaal f i  .:ation  and  the  cauae  factora  and 
to  maintain  a  databaae  of  all  miahap  cauaing  over  *10,000 
worth  of  damage.  The  cauae  factora  uaed  by  AFISC  are 
operatlona  related  cauaea  (peraonnel)  and  loglatlca  related 
cauaea  (maintenance  or  equipment) .  The  determination  of  more 
apeclflc  cauaea  ia  only  done  by  reading  the  final  aummary 
reporta  maintained  by  AFISC. 

Although  thla  information  ia  kept  by  AFISC,  it  ia  not  in  a 
format  that  la  eaay  to  uae.  The  intent  of  thia  report  ia  to 
format  the  operatlona  and  loglatlca  related  cauaea  into  more 
apeclflc  cauaea  for  one  dimenaion  of  aircraft  accldenta, 
that  being  inflight  refueling  accidenta  with  the  KC-135. 
Therefore,  the  problem  atatement  ia:  What  are  the  cauaea  of 
inf liAht  refueling  miahap  incidenta  with  the  KC-135? 
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B%««>rch  ObJ^ctl V  and  HypothaMad 

Tha  objactiva  of  tha  raaaarch  waa  to  datall  the  cauaaa  of 
inflight  rafuallng  miahapa  with  tha  KC-135.  Thla  raaaarch 
ivaa  intandad  to  ba  uaad  aa  a  flrat  atap  to  doln^  a  trend 
analyala  of  tha  cauaea  of  Inflight  refueling  miahapa 
and  to  determine  tha  ralationahip  between  varioua  cauae 
factora.  Alao,  portiona  of  thia  thaaia  were  deaigned  to 
allow  atatiatical  compariaiona  bet;}een  boom/drogue  adapter 
(BDA)  refuel inga  and  boom  refuel inga  and  between 
fighter/attack  aircraft  refuelinga  and  heavy  (bombera, 
tankera I  and  tranaport)  aircraft  refuelinga.  Thia  report 
will  alao  be  uaed  to  aubatantiate  or  diaprove  the  following 
hypotheaea ; 

1.  Aircraft  uaing  the  boom  method  of  refueling  will 
have  a  aubatantially  higher  nercantage  of  miahapa  cauaad 
by  aircrew  when  compared  to  aircraft  uaing  the  BDA 
method  of  refueling. 

3.  Aircraft  uaing  the  BDA  method  of  refueling  will  have 
a  aubatantially  higher  percentage  of  boom  and  receptacle 
failure  miahapa  whan  compared  to  aircraft  uaing  the  boom 
niethod  of  refueling. 

3.  Fighter/attack  aircraft  will  have  a  aubatantially 
higher  percentage  of  miahapa  cauaed  by  alrcrewa  when 
compared  to  heavy  aircraft  (tankera,  bombera,  and 
tranaport) . 

4.  Plghter/attaok  aircraft  will  have  a  aubatantially 
higher  percentage  of  miahapa  cauaed  by  boom  and 
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rttcaptacl*  failure  fvhan  conparad  to  heavy  aircraft. 

5.  A  small  percentage  of  aircraft  typea  will  be 
Involved  in  at  least  half  of  the  mishap  incidents. 

Scope 

1.  The  AFISC  database  that  this  study  was  derived  from 
included  279  aerial  refueling  incidents  with  the  KC-135 
occurring  in  a  period  from  1978  to  1988.  The  requirements 
for  an  incident  to  be  recorded  as  a  mishap  is  that  S 10, 000 
of  damage  or  greater  must  have  occurred  to  the  tanker  or 
receiver  aircraft  (2:0-7) .  The  limitation  of  this  type  of 
information  is  that  many  potentially  hazardous  but 
relatively  inexpensive  mishaps  do  occur,  but  no  reports  of 
these  incidents  are  maintained  by  a  centralized  database. 

2.  The  analysis  of  inflight  refueling  mishaps  with  the 
KC-135  was  only  done  on  U.S.  military  aircraft.  The  XC-135 
is  capable  of  refueling  HATO  military  aircraft,  but  no 
database  is  currently  maintained. 

3.  Many  of  the  mishaps  have  multiple  causes.  For  the  sake 
of  simplification,  the  predominate  cause  was  recorded  as  the 
cause  of  the  mishap. 

4.  The  comparision  between  heavy  aircraft  and 
fighter/attack  aircraft  is  limited  to  U.S.  Air  Force 
aircraft . 

5.  For  analysis  purposes,  the  F-111  was  considered  to  be 
a  fighter  aircraft. 
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0.  Tha  majority  of  th«  dotormlnatlon  of  tho  cautfotf 
done  by  AFISC.  Twenty  seven  of  the  cases  required  the 
researcher  to  make  a  determination  of  the  cause  of  the 
mishap. 

7.  A  difference  of  SX  in  the  comparlsion  for  hypotheses 
one  thru  four  is  considered  to  be  significant. 

8.  In  the  analysis  of  hypothesis  five,  the  aircraft  will 
be  separated  into  BDA  refueling  mishaps  and  boom  refueling 
mishaps . 

0.  Due  to  Air  Force  regulations,  the  Cwtual  reports  from 
which  the  data  was  derived  will  not  be  included  in  this 
report.  This  limits  the  reader  in  attempting  to  validate 
the  results  of  the  researcher. 

Definitions 

1.  Boom.  The  telescoping  tube  that  fits  under  the  aft 
fuselage  of  the  KC-135.  High  pressure  fuel  is  pumped  thru 
the  boom  and  into  the  receiver  aircraft. 

2.  Boom  operator.  The  person  who  controls  the  flyable 
boom. 

3.  Boom/drogue  adapter  (BDA).  A  device  designed  for  the 
KC-135  that  allows  it  to  refuel  probe  equipped  aircraft.  The 
BDA  consists  of  a  nine  foot  hose  with  a  drogue  or  metal 
conical  basket  attached  to  the  end.  It  is  manually  attached 
to  the  boom  of  the  KC-139. 

4.  Drogue.  The  metal  conical  basket  which  the  probe  of  a 
receiver  aircraft  flys  into. 
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5.  Prob*.  A  cylindrical  ahapad  davica  approximataly  two 
feat  in  langth  and  approximataly  flva  Inchaa  in  dlamatar. 

Tha  rafualing  and  baa  a  ball  and  cock  typa  davica  that 
intar locka  with  tha  drogua.  Pual  ia  paaaad  from  tha  tankar 
to  tha  racaivar  aircraft  onca  tha  connaction  la  mada. 

0.  Bacaptaola.  A  apacially  daaignad  opaning  in  tha  top 
of  tha  fuaala^a  of  racaivar  aircraft.  To  rafual  tha 
aircraft,  tha  boom  ia  flown  into  tha  racaptacla. 

7.  Envalopa.  Tha  ration  that  la  datarminad  to  ba  aafa 
for  aerial  rafualin^  oparationa.  If  tha  racaivar  pilot 
laavaa  tha  anvalopa  while  rafualing,  aerial  refualinE 
becomaa  impoaaibla. 

BackAroxind 

Tha  firat  known  attempt  to  tranafar  fuel  from  one  aircraft 
to  another  during  flight  waa  acconpliabad  on  13  November 
1921  by  Waalay  May.  Mora  of  a  barnatormar 'a  at\4nt  than  a 
aarioua  attempt  at  inflight  refueling,  May  climbed  out  on 
tha  wing  of  a  Lincoln  Standard  biplane  with  a  flva  gallon 
can  of  gaaollna  a trapped  to  hia  back.  Ha  than  walked  to  tha 
and  of  tha  wing  and  grabbed  hold  of  tha  overlapping  wing  of 
another  Lincoln  Standard  biplane.  Ha  than  mada  hia  way  to 
tha  angina  and  poured  tha  gaaollna  into  the  biplane  tank 
(18; 178-178) . 

The  firat  aarioua  attampta  at  Inflight  refueling  ware  mada 
by  tha  Army  Air  Service.  During  tha  apring  of  1923  in  San 
Diego  .  California,  a  Da  Havilland  DH-4  biplane  waa  modified 
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with  «  00  foot  ho««.  Thia  't«nkor*  Aircraft  would  trail  tha 
hose  over  the  side  while  a  crew  member  of  the  receiver 
aircraft  would  ^rab  the  hose  and  stick  It  Into  the  tank 
(10:1-2) . 

Because  of  Inflight  refuelings  record  after  record  In 
distance  and  endurance  flying  were  established.  The  most 
significant  of  these  occurred  In  January  of  1920.  Major 
Carl  Spaats ,  Captain  Ira  Baker,  and  crew  broke  all  existing 
endurance  records  by  remaining  airborne  lor  over  a  150 
hours.  This  feat  lasted  for  seven  days,  consumed  over 
eighty  thousand  pounds  of  fuel,  and  covered  a  distance  equal 
to  nearly  halfway  around  the  world  (12:3-23).  Although 
Significant,  this  record  only  lasted  for  two  years.  In  1931, 
A1  and  Fred  Key  broke  the  record  by  staying  airborne,  with 
the  aid  of  aerial  refueling,  for  053  hours.  The  American 
feats  aGcoiq>llshed  with  the  aid  of  aerial  refueling 
quickly  gained  the  attention  of  the  British.  While  American 
interest  started  to  wane,  the  British  further  developed  the 
American  Invention  of  aerial  refueling. 

The  British  refined  the  process  of  aerial  refueling  and 
established  companies  to  explore  its  use  for  both  military 
and  commercial  purposes.  One  of  those  coo^anies  formed  Just 
prior  to  World  War  II  was  Flight  Refueling  Limited  (FRL) .  In 
cooperation  with  the  British  Air  Ministry,  the  Royal  Air 
Force,  and  early  airline  companies,  FRL  perfected  several 
methods  of  inflight  refueling.  In  fact,  during  World  War 
II,  because  of  the  United  States’  lack  of  capability  in 
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aerial  refueling  technology,  PBL  waa  contracted  to  modified 
U.S.  B-24'e  to  be  used  as  tinkers.  The  B-24's  «rere  to  refuel 
B-17's  which  would  then  bomb  Tokyo.  The  plan  never  came  to 
pass  because  of  the  development  of  the  longer  ran^e  B-20 
which  took  the  place  of  the  B-17.  World  War  II  did 
establish  the  strategic  in^ortance  of  aerial  refueling. 
Without  aerial  refueling,  the  U.S.  did  not  truly  possess  an 
international  strike  capability.  Therefore,  the  U.S.  again 
became  Involved  in  the  development  of  aerial  refueling 
systems . 

Prior  to  the  end  of  Worli  War  II.  aerial  refueling 
technology  had  centered  around  the  gravity  hose  system  first 
developed  in  1923.  The  drawback  to  the  British  developed 
gravity  hose  systems  was  that  the  system  was  not  effective 
at  speeds  exceeding  190  miles  per  hour,  the  minimum  speed 
for  fully  loaded  B-*29*s  and  B-50's.  The  system  was  also  not 
able  to  off  load  fuel  quickly,  which  was  a  requirement  of 
the  bombers.  These  deficiencies  in  the  gravity  hose  system 
proiiq>ted  the  development  of  the  'flying  boom'. 

In  April,  1949,  Boeing  Aircraft  Conq>any  introduced 
this  revolutionary  new  system  to  the  Air  Force.  The 
system  basically  consists  of  a  rigid  telescoping  tube 
fitted  under  the  aft  fuselage  of  the  tanker.  It  can  be 
moved  in  all  three  dimensions  by  a  combination  of 
hydraulic  and  aerodynamic  pressures  and  is  controlled  by 
a  boom  operator  crewmember --who  'flies'  it  into  a 
receptacle  on  the  receiver  aircraft.  The  two  main 
advantages  of  this  system  is  the  much  faster  rate  of 
fuel  transfer  and  the  much  higher  speeds  which  can  be 
xised  for  refueling(3:S0-Ql)  . 
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Th«  flying  boom  initially  u««d  on  non  Jot  tankoro.  Tha 
parformanca  disparity  bativaan  SAC'a  naw  Jat  bombers  (B-47's 
and  B-53's}  fleet  and  its  nonjat  tankers  caused  operational 
problems.  In  order  to  refuel,  the  bombers  bad  to  alow  down 
and  descend  to  lower  altitudes.  This  made  refueling  more 
difficult  because  of  turbulence  and  Increased  the 
vulnerability  of  the  aircraft  to  enemy  detection.  In  the 
early  19S0's,  Boeing  Aircraft  Company  was  contracted  to 
develop  a  Jet  tanker.  The  final  product  was  designated  the 
XC-135.  Of  the  735  aircraft  built,  over  600  remain  in 
service  (1) . 

Although  this  chapter  has  dealt  primarily  with  the  history 
of  aerial  refueling  as  it  pertains  to  the  Air  Force,  the 
Bavy  and  Marines  faced  the  same  problems  of  extending  range 
and  operational  flexibility.  The  system  of  choice  for  the 
Mavy  and  Marines  was  the  FBL  developed  probe  and  drogue 
system.  This  gravity  hose  system  is  currently  used  by  the 
Navy,  Marines  and  the  United  States  NATO  allies.  In  this 
system  the  tanker  trails  a  retractable  hose  with  a  conical 
shaped  'basket'  or  drogue  on  the  end.  The  receiver  aircraft 
is  equipped  with  a  nozzle  or  probe  that  is  attached  to  the 
nose  of  the  aircraft  or  from  the  leading  edge  of  the  wing. 
The  receiver  aircraft  refuels  from  the  tanker  by  flying  the 
nozzle  or  'probe'  into  the  basket  attached  to  the  tanker 
boom  (4:35-37). 

The  Navy  currently  has  carrier  baaed  tankers  that  provide 
limited  off  load  capability.  With  the  advent  of  larger 
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offload  requirements,  the  carrier  based  tankers  are  even 
less  capable  of  meeting  the  Mavy’s  needs.  A  device  called 
the  boom/drogue  adapter  (BDA)  mas  designed  to  allow  the 
KC-130  to  refuel  probe  equipped  aircraft.  For  extended  and 
special  missions  the  KC-13S  supplements  the  Navy  and 
Marine’s  tanker  force  (4:33). 

Our  current  tanker  force  of  XC-135's  has  been  active  since 
1956.  The  basic  method  of  aerial  refueling  has  remained 
unchanged.  Over  the  last  33  years  of  operations,  a 
tremendous  amoiint  of  knowledge  about  aerial  refueling  has 
been  accumulated.  The  overall  objective  of  this  report  is 
to  analyze  the  information  detailing  aerial  refueling 
mishaps  with  the  KC-135.  The  specific  goal  is  to  determine 
the  predominate  causes  of  aerial  refueling  mishaps  with  the 
KC-ISS.  With  this  information,  pilots,  boom 
operators,  safety  officers,  maintenance  personnel, 
researchers,  and  designers  will  have  a  better  insight  into 
the  causes  of  aerial  refueling  and  where  emphasis  should  be 
placed  to  make  aerial  refueling  more  safe. 

Literature  Review 

No  study  has  been  done  specifically  on  the  causes  of 
aerial  refueling  mishaps,  but  a  multitude  has  been  done  on 
aircraft  mishaps.  By  synthesizing  portions  of  the  varying 
authors  methods  of  investigation,  analysis, and  reporting,  an 
adequate  and  efficient  method  of  determining  the  causes  of 
inflight  refueling  mishaps  was  developed.  This  literature 
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r«vi«w  tfhall  briefly  dstfcribs  tfom*  of  tbo  motbods  udod  In 
aircraft  mlsbap  invoati^atln^  and  reporting. 

Tbe  International  Civil  Aviation  Organisation  (ICAO) 
collects  reports  of  civilian  aircraft  accidents 
Investigations  and  Inquires  and  annually  publishes  an 
aircraft  accident  digest.  Tbe  digest  atteiiq>ts  to  classify 
tbe  accidents  based  upon  accident  cause  and  phase  of 
operation.  The  ICAO  Manual  of  Aircraft  Accident 
Investigation  allows  the  following  causes  of  accidents: 

1.  Material  failure 

2.  Pilot  error 

3.  tfeather 

4.  Errors  of  other  personnel 

5.  Cndeterinlned 

The  ICAO  reports  go  to  considerable  measures  in  developing 
the  tables  to  ensure  that  the  information  contained  in  the 
tables  does  not  alter  the  initial  findings.  The  brevity  of 
the  table  may  sometimes  give  the  wrong  Impression.  To 
ooxinter  this  occurrence,  the  ICAO  reports  contains  a  summary 
of  each  accident  Investigation  report  (9: IS, 20). 

Ann\ially,  the  Air  Force  safety  magaslne.  Flying  Safety . 
prints  the  'Mishap  Review  and  Forecast*  for  each  aircraft  in 
the  Air  Force  Inventory.  The  report  tabulates  the  classes 
of  mishaps  idilch  occurred  during  the  previous  year.  Air 
Force  Regulation  (AFR)  127-4  stipulates  the  classification 
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scbenM  that  Flying  Saf aty  muat  uaa  .  Tb«  mlahap 
claaaif Icationa  specified  in  AFB  127-4  are  as  follows: 

1.  Class  A  Mishap.  A  mishap  resulting  in: 

a.  Total  cost  of  iSOO.OOO  or  more  for  injury, 
occupational  illness,  and  property  damage  or 

b.  A  fatality,  or  permanent  total  disability  or 

c.  Destruction  of  .  or  dastage  beyond  economical  repair 
to  an  Air  Force  aircraft. 

2.  Class  B  Mishap.  A  mishap  resulting  in: 

a.  Total  coat  of  4100.000  or  more,  but  less  than 
4500,000  for  injury,  occupational  illness,  and 
property  damage  or 

b.  A  permanent  partial  disability,  or 

c.  Hospitalization  of  five  or  more  personnel. 

3.  Class  C  Mishap.  A  mishap  resulting  in: 

a.  Total  dasiage  «d)ich  costs  410,000  or  more,  but  leas 
than  4100,000  or 

b.  An  injury  or  occupational  illness  which  results  in  a 
lost  workday  case  Involving  days  away  from  work 

. (5:5-7) 

The  ‘Mishap  Review  and  Forecast*  further  stipulates  what 
the  most  common  mishaps  are  and  what  improvements  are 
planned  for  the  system  to  correct  deficiencies  (19:13-14). 

The  U.S.  Army  annually  publishes  the  ‘Lessons  Learned  from 
Aviation  Mishaps*.  The  objective  of  the  report  is  to 
identify,  evaliiate,  and  suggest  corrections  for  Inadequacies 
in  the  Army  aviation  system.  The  Army's  method  of 
evaluation  uses  a  database  with  information  meeting  the  same 
requirements  of  the  mishap  classes  specified  in  AFB  127-4. 
The  approach  to  mishap  analysis  used  by  the  Army  identifies 
what  happened  (human  error  or  material  failure) ,  what  caused 
it  to  happen  (system  inadequacies) ,  and  what  to  do  about  it 
(remedial  measure).  The  final  report  is  a  system  by  system 
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lltftlntf  of  inadoquaciotf  «nd  corrootlvo  iM»«ur«« 

(11:4,25) . 

Lt  Col  Sxih  Ho  Sun  of  tho  Ropublic  of  Xoroa  Air  Force 
(BOXAF)  conducted  a  atudy  to  determine  if  there  «wre 
relationabipa  among  varlablea  which  could  help  illximinate 
ROXAF  accident  ratea.  The  report  uaed  contingency  analyala 
to  determine  the  dependency  between  varlablea.  The  varlablea 
aelected  were  aircraft  type,  pilot  rank,  miaalon  type,  phaae 
of  operationa,  and  flying  time.  The  reaulta  of  the  atudy 
were  that  two  thlrda  of  the  accldenta  were  due  to  pilot 
error,  and  the  pilot  error  accident  ratea  decreaaed  aa  the 
cximulatlve  flying  time  Increaaed  (17:10,45). 

Annually  APPROACH .  the  Havy  aafety  magazine,  highllghta 
the  problema  of  Havy  aircraft  inflight  refueling  from  Air 
Force  tankera.  Aa  mentioned  in  the  background,  the  XC-135 
muat  be  equipped  with  the  boom-drogue  adapter  (BDA)  to 
refuel  Havy  and  Marine  aircraft.  The  Haval  avlatora  major 
complaint  la  the  length  of  the  hoae  that  the  drogue  ia 
attached  to.  The  hoae  la  nine  feet  long  with  no  automatic 
take  up  capability.  Thia  abort  piece  of  hoae  limita  the 
aerial  refueling  envelope.  The  Haval  pilota  atate  that  thia 
allowa  very  little  room  for  error.  The  pilota  alao  atate 
that  the  BDA  aometimea  oacillatea.  Thia  makea  it  difficult 
to  fly  into  the  baaket  with  out  hitting  the  aidea  or 
without  having  the  baaket  hit  the  receiver  aircraft. 

Several  incldenta  occurred  where  the  receiver  aircraft  waa 
plxigged  into  the  tanker  and  the  hoae  whipped  and  anapped 
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the  probe.  In  short.  Navy  pilots  feel  the  current  BDA  Is 
inefficient  and  needs  to  be  redesigned  (19:7-9,15:2-0). 


In  a  1989  Air  Command  and  Staff  College  report,  Major 
Patrick  F.  Dunn  analysed  the  mishap  data  of  Air  National 
Gtiard  flight  incidents.  The  study  determined  mishaps  to  be 
caused  by  either  logistics  or  operations  factors.  In  the 
attempt  to  determine  trends,  the  data  was  divided  into  two 
time  frames.  One  time  frame  was  from  1905  to  1974  and  the 
other  tlnw  frame  was  from  1975  to  1984.  The  final  result 
showed  a  decrease  in  mishaps  across  Class  A,B,  and  C  mishap 
categories  (7:18,25). 

Sximmary 

The  objective  of  this  report  is  to  determine  categories 
of  causes  of  inflight  refueling  mishaps  with  the  KC-135. 
Since  the  KC-135‘s  Introduction  into  the  U.S.  Air  Force 
aircraft  inventory  in  1950,  numerous  mishaps  have  occurred. 
This  inforsistlon  is  maintained  by  the  Air  Force  Inspection 
and  Safety  Center.  The  database  maintained  by  the  Air 
Force  Inspection  and  Safety  Center  is  not  Specific  enough  in 
its  determination  of  causes  to  allow  trend  analysis  or 
comparisions  across  aircraft  types.  By  reviewing 
literature,  a  method  of  determining  specific  causes  was 
developed.  Once  categorised  by  causes,  analysis  were 
accon^lished  in  response  to  the  stated  hypotheses. 
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I I .  ■•thodoloi 


Thla  chaptar  axplalna  how  cauaaa  wara  datarminad  and 
how  tha  data  waa  acqulrad,  or^anisad  and  analyzad.  With 
analyaia  bain^  tha  and  raault.  tha  logical  flow  of 
gattlng  raaulta  waa  brokan  into  thraa  baaic  taaka .  Tha 
taaka  ara  aa  followa: 

1.  laolatlon  of  Cauaaa 

2.  Categorization  of  Data 

3.  Analyaia  of  Data 


laolation  of  Cauaaa 

laolatlon  of  tha  cauaaa  of  aerial  refueling  miahapa 
with  tha  XC-13S  waa  dona  by  accoiq>llahing  tha  following 


taak: 


1.  Literature  Bavlaw 


2.  Data  Bavlaw 


Literature  Bavlaw.  A  review  of  the  literature  waa 
conducted  to  datarmlna  how  othara  datarminad  tha  cauaaa  of 
aircraft  accidanta.  Baporta  covering  both  military  and 
civilian  aircraft  accidanta,  invaatigation ,  and  reporting 
wara  reviewed.  Alao,  Air  Force  ragulationa  pertaining  to 
miahap  invaatigationa  provided  tha  guidalinaa  aa  to  how 
miahapa  wara  claaaifiad.  Prom  tha  literature  review,  tha 
determination  waa  made  that  all  aerial  refueling  miahapa 


could  be  attributed  to  oparationa  related  cauaaa  (thoaa 
miahapa  cauaad  by  aircrew) ,  logiatica  related  cauaaa  (thoaa 


oil«h«p«  cau««d  by  material  failure)  ,  weather  related 
cauaea,  or  undetermined  cauaea. 

Data  Heview.  Aa  atated  in  Chapter  I,  AFISC  ia 
required  to  maintain  a  databaae  of  all  aircraft 
miahapa  caualng  *10.000  damage  or  more.  Therefore,  a 
report  aumaariain^  inflight  refueling  Incidenta  with  the 
KG- 139  from  1978  to  1986  waa  requeated  from  the  Air  Force 
Inapectlon  and  Safety  Center  (AFISC) .  Upon  review  of  the 
aununary  reporta,  it  waa  determined  that  aerial  refueling  ia 
aeldoffl  attempted  in  bad  weather.  Therefore,  thia  category 
of  cauae  waa  removed,  Alao  baaed  upon  the  data  review,  the 
AeneraliEod  cauaea  determined  after  the  literature  review, 
were  aubtlered  into  more  apecific  cauaea.  Thia  aubtiering 
of  the  8aneraliaed  cauaea  waa  accompliahed  by  reading  the 
aummary  report*  and  recording  the  varloua  cauaea  of  each  of 
the  279  mlahap  Incidenta.  The  reaearchera  emphaala  waa  on 
the  human  element  of  aerial  refueling  and  on  the  refuellnA 
receptacle  and  receiving  device*.  Therefore,  the  category 
of  cauaea  covering  theae  areaa  were  included.  All  other 
cauaea  were  determined  to  be  other  maintenance  failure  or 
xindetermlned  cauae  of  miahap.  The  baaic  cauaea  that  were 
choaen  aa  aubaeta  of  loglatica  or  operation*  were  aa 
f ollowa : 

1.  Beceivwr  pilot  error 

2.  Tanker  pilot  error 

3.  Boom  operator  error 


4.  Boom  failure 


5.  Receptacle  failure 

6.  Other  maintenance  failure 


7.  Undetermined  cause 

Caterer i gat ion  of  Data 

Once  all  poaeible  caueea  of  incidents  were  determined, 
each  incident  was  tabulated  as  being  caused  by  one  of  the 
seven  cause  factors.  For  analysis  purposes,  the  causes 
were  grouped  by  aircraft  type. 

Analysis  of  Data 

The  analysis  of  data  was  accomplished  by  completing  the 
following  tasks: 

1.  Collective  analysis  of  causes. 

3.  Analysis  of  boom  refueling  versus  BDA  refueling 
mishaps . 

3.  Analysis  of  Air  Force  f ighter/attack  aircraft 
versus  heavy  aircraft  mishaps. 

4.  Detailed  analysis  of  the  aircraft  types  involved  in 
over  fifty  percent  of  the  mishaps. 

Collective  Analysis  of  Causes .  The  total  of  each 
category  of  the  causes  was  tabulated  and  the  percentage  of 
the  total  causes  was  computed  for  each  cause  category.  This 
information  was  used  to  provide  insight  into  whether  the 
leading  cause  of  aerial  refueling  mishaps  was  aircrew  or 
oiaterlal . 
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Analyala  of  Boom  Rof uolinn  vraua  BDA  RafuellnA 
Incidanta  .  Obaarvr '  a  Directory  of  Military  Aircrai x,  i*aa 
uaed  to  determine  if  the  aircraft  involved  in  the  miahap 
maa  probe  equipped  or  receptacle  equipped.  Baaed  upon 
thla  information,  the  aircraft  were  aeperated  into  boom 
refueled  aircraft  and  BDA  refueled  aircraft.  The  categorlea 
of  cauaea  were  tabulated  aeperately  for  the  two  ^roupa  and 
the  percentage  of  the  total  cauaea  of  each  cauae  for  the 
two  groupa  waa  computed.  A  comparlaion  waa  done  to 
determine  if  the  ranking  of  cauaea  were  the  aame  no  matter 
which  method  of  refueling  waa  uaed. 

Analyaia  of  Air  Force  Fighter /At tack  Aircraft  veraua 
Air  Force  Heavy  Aircraf t .  Aa  atated  in  Chapter  I, 
analyaia  of  fighter/attack  aircraft  veraua  heavy 
aircraft  waa  limited  to  U.S.  Air  Force  inventory 
aircraft.  Again,  Obaerver *a  Directory  of  Military 
Aircraf t  waa  uaed  to  determine  which  aircraft  were 
fighter/attack  aircraft  and  which  aircraft  were  heavy 
aircraft  (tankera,  bombera,  and  tranaport  aircraft).  Baaed 
upon  thla  inf ,  the  aircraft  were  aeperated  into 
categoriea  of  fighter/attack  aircraft  and  heavy  aircraft. 
For  the  aeperate  groupa ,  the  categoriea  of  cauaea  and  total 
cauaea  were  tabulated  and  the  percentage  of  total  cauaea  of 
each  category  cauae  waa  computed.  A  comparlaion  of  percent 
cauaea  of  the  two  groupa  waa  then  done. 

Detailed  Analyaia  of  the  Aircraft  Involved  in  Over 
Fifty  Percent  of  the  Miahapa.  Becauae  a  limited 
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number  of  alrcrAft  typoa  mmrm  r«aponaibl«  for  ovor  half  tbo 
mlahapa,  mora  apacific  information  about  tha  cauaaa  ivaa 
daairad.  Tha  groupa  of  BDA  rafualed  and  boom  rafualad 
aircraft  wara  maintainad.  All  aircraft  typaa  abova  tha 
fifty  parcant  cutoff  were  included  for  further  analyaia. 

Tha  further  analyaia  conaiatad  of  a^ain  reviewing  the 
aximmary  reporta  acquired  from  AFISC.  The  apacific  cauaa  of 
a  miahap  waa  recorded  for  each  report.  Upon  review  of  the 
aiunmary  reporta,  the  apeclfic  cauaea  were  aubtlered  off  of 
the  aeven  baaic  cauaea  aa  followa: 

1.  Beceiver  pilot  error 

1.1  Pilot  Induced  oacillation 

1.2  Leaving  aerial  refueling  envelope 

1.3  Bxcaaaiva  cloaura  rata 

1.4  Mlajudgment  of  boom  location 

2.  Tanker  pilot  error 

3.  Boom  operator  error 

3.1  Failure  to  move  boom 

3.2  Improper  commanda  to  receiver  pilot 

3.3  Mlajudgment  of  receiver  location 

4.  Boom/BDA  failure 

5.  Beceptacle  failure 

0.  Other  maintenance  failure 

7.  Undetermined 
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Summary 

Tha  method  described  above  mas  used  to  categorise  the 
causes  of  Inflight  refueling  mishaps.  The  objective  of 
this  methodology  mas  to  format  the  data  in  an  usable  form 
for  purposes  of  analysis.  The  various  analysis  consisted 
of  the  determination  of  percent  causes  for  all  aircraft 
involved  in  mishaps  with  the  KC-136,  a  comparlslon  between 
boom  refueled  aircraft  mishaps  and  BDA  refueled  aircraft 
mishaps,  a  comparlslon  between  fighter/attack  aircraft 
mishaps  and  heavy  aircraft  mishaps,  and  a  detailed  analysis 
of  aircraft  types  causing  over  fifty  percent  of  the 
mishaps . 
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Ill ■  Results  and  Analysis 


The  analysis  done  in  this  chapter  is  in  response  to  the 
hypotheses  and  objectives  posed  in  Chapter  I.  The  results 
of  the  analysis  are  as  follows  in  the  remainder  of  this 
chapter . 

Overview 

Twenty  six  different  aircraft  type  were  involved  in  279 
mishap  incidents  with  the  KC-135  in  a  time  period  from  1978 
to  1986  Seventeen  of  the  aircraft  were  part  of  the  U.S. 
Air  Force  aircraft  inventory  and  the  remaining  nine  were 
part  of  the  U.S.  Navy  aircraft  inventory.  Of  the  seventeen 
U.S.  Air  Force  aircraft,  two  were  probe  equipped,  the 
F-105  and  the  A-7.  All  nine  of  the  U.S.  Navy  aircraft  were 
probe  equipped.  Eleven  of  the  aircraft  were  considered  to  be 
heavies  (transport,  tankers,  and  bombers).  The  remaining  15 
were  considered  to  be  f ighter/attack  aircraft.  Overall,  the 
F-4,  B-52,  C-141,  and  F-106  were  involved  in  over  fifty 
percent  of  the  mishap  incidents  in  the  ten  year  period.  When 
separated  into  categories  of  boom  refueled  aircraft  and  BDA 
refueled  aircraft,  for  boom  refueled  the  F-4,  B-52,  and 
C-141  were  involved  in  53. 5X  of  the  mishaps  and  for  BDA 
refueled  the  F-4(Navy),  F-14,  F-105,  and  0A-37B  were 
involved  in  59 . 2X  (29  out  of  49)  of  the  mishaps. 
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Reaponfle  to  the  Problem  Statement 

The  objective  of  this  chapter  was  twofold:  (1)  To  foroiat 

the  various  mishaps  in  a  form  suitable  for  analysis  and  (2) 
To  analyze  the  data.  The  first  objective  is  in  response  to 
the  problem  statement  of  what  are  the  causes  of  inflight 
"efaellna  mishaps  with  thb  KC-135  The  methodology 
described  in  Chapter  II  derived  the  seven  basic  cause 
factors.  The  seven  cause  factors  are  restated  as: 

1.  Receiver  pilot  error 

2.  Tanker  pilot  error 

3 .  Boom  operator  error 

4.  Boom  failure 

5.  Receptacle  failure 

6.  Other  maintenance  failure 

7.  Undetermined  cause 

Table  1  breaks  the  279  mishaps  down  as  follows:  152  mishap 
incidents  were  attributed  to  receiver  pilot  error,  one 
mishap  incident  was  attributed  to  tanker  pilot  error,  thirty 
eight  mishap  incidents  were  caused  by  boom  operator  error, 
thirty  four  mishap  incidents  were  attributed  to  boom 
failure,  fourteen  mishap  Incidents  were  determined  to  be 
caused  by  receptacle  failure,  twenty  nine  mishaps  were 
attributed  to  other  maintenance  failure,  and  eleven  of  the 
mishap  incidents  had  no  determined  cause.  Alterne^-e  ways  to 
view  this  Information  is  by  percentages  of  causes  and 
operations  and  logistics  related  causes.  Cause  categories 
one,  two,  and  three  are  operations  relate  causes  (  caused  by 
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personnel)  and  cause  categories  four,  five,  and  six  are 
operations  related  causes  (caused  by  maintenance  or  material 
failure).  Overall  68. 4X  of  the  270  mishap  incidents  were 
caused  by  aircrew.  The  majority  of  them  (54X)  being  caused 
by  the  receiver  pilot.  Twenty  seven  percent  of  the  mishap 
incidents  were  caused  by  maintenance  or  material  failure. 
Approximately  4X  of  the  mishaps  had  undetermined  causes. 


Table  1.  KC-135  Aerial  Refueling  Mishap  Incidents  from  1978 

to  1988. 

CAUSES  TOTAL 

AIRCRAFT  PERCEHT 


AIRCRAFT 

1 

2 

3 

4 

5 

e 

7 

TYPE 

AIRCRAFT 

F-4 

34 

0 

8 

6 

0 

8 

3 

59 

21 . 15 

B-52 

18 

0 

10 

4 

1 

8 

0 

39 

13.98 

C-141 

14 

0 

1 

1 

3 

4 

2 

25 

8.96 

F-106 

13 

0 

2 

0 

0 

1 

2 

18 

6.45 

A- 10 

4 

0 

2 

2 

4 

1 

0 

13 

4.66 

A- 7 

6 

0 

1 

0 

1 

1 

1 

12 

4.30 

F-111 

5 

0 

5 

0 

1 

1 

0 

12 

4.30 

F-15 

7 

0 

0 

2 

1 

2 

1 

13 

4.66 

F-4(N) 

4 

0 

0 

4 

0 

1 

0 

9 

3.23 

F-16 

2 

0 

2 

0 

0 

0 

1 

5 

1.79 

F-14 

3 

0 

1 

3 

0 

0 

0 

7 

2.51 

E-3 

5 

1 

3 

0 

0 

0 

0 

9 

3.23 

RC-135 

8 

0 

1 

0 

0 

2 

0 

1  i 

3.94 

KC-10 

5 

0 

0 

0 

0 

0 

0 

5 

1.79 

F-105 

6 

0 

0 

1 

0 

0 

0 

7 

2.51 

0A-37B 

1 

0 

0 

5 

0 

0 

0 

6 

2. 15 

A-6(N) 

2 

0 

0 

0 

2 

1 

0 

5 

1.79 

F-lOO 

2 

0 

0 

2 

1 

0 

0 

5 

1.79 

AC- 130 

2 

0 

0 

1 

0 

1 

0 

4 

1 . 43 

C-5 

3 

0 

1 

0 

0 

0 

0 

4 

1.43 

F-18 

2 

0 

0 

0 

0 

0 

0 

2 

.72 

A- 4 

0 

0 

0 

2 

0 

0 

1 

3 

1.08 

S-3 

1 

0 

0 

0 

0 

0 

0 

1 

.36 

A-7(N) 

3 

0 

0 

0 

0 

0 

0 

3 

1.08 

B-IB 

0 

0 

0 

1 

0 

0 

0 

1 

.36 

ERA- 3D 

0 

0 

0 

1 

0 

0 

0 

1 

.36 

TOTAL 

CAUSES 

152 

1 

38 

34 

14 

29 

11 

279 

PERCENT  54  .4  14  12 

CAUSES 


5  10  4 


100 


Hypothesis  One 

Hypothesis  one  states  that  aircraft  using  the  boom  method 
of  refueling  will  have  a  substantially  higher  percentage  of 
mishaps  caused  by  aircrew  when  compared  to  aircraft  refueled 
using  the  BDA  method.  This  hypothesis  is  posed  because  the 
boom  method  of  refueling  requires  continuing  interaction 
between  the  receiver  pilot  and  boom  operator.  The  boom 
operator  must  give  the  receiver  pilot  instructions  to 
position  him/her  in  the  aerial  refueling  envelope.  Once  the 
receiver  pilot  positions  the  aircraft  in  the  envelope,  the 
boom  operator  must  attempt  to  ‘fly*  the  boom  into  the 
receptacle.  The  boom  operator  must  continue  to  give 
instruction  to  the  receiver  pilot  to  keep  him  in  the 
envelope.  VPiith  BDA  refueling,  the  boom  operator  positions 
the  BDA  in  the  aerial  refueling  envelope.  The  receiver 
pilot  is  responsible  for  flying  the  probe  into  the  BDA 
without  the  aid  of  the  boom  operators  instructions.  The 
underling  belief  of  the  hypothesis  is  that  less  interaction 
of  the  aircrew  will  lead  to  fewer  mishaps  being  caused  by 
aircrews . 

Table  2  provides  the  information  for  boom  refueled 
aircraft.  Of  the  26  aircraft  types  involved  in  the  study, 
fifteen  are  boom  refueled.  Overall,  166  out  of  230  mishap 
incidents  with  the  KC-135  when  boom  refueling,  were 
attributed  to  aircrew.  This  accounted  for  73.4%  of  the 
KC-135  boom  refueling  mishaps.  One  hundred  twenty  eight  of 
the  mishap  incidents  were  attributed  to  the  receiver  pilot 
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and  thirty  seven  of  the  mishap  incidents  were  attributed  to 
boom  operator  error.  In  only  one  case  was  the  tanker  pilot 
determined  to  be  the  cause  of  a  mishap  incident.  In  that 
single  case,  the  tanker  pilot  banked  too  rapidly  while 
refueling  an  E-3. 


Table  2.  KC-135  Aerial  Refueling  Mishap  Incidents  with  Boom 

Refueled  Aircraft  from  1978  to  1988. 


CAUSES 

TOTAL 

AIRCRAFT 

PERCENT 

AIRCRAFT 

1 

2 

3 

4 

5 

6 

7 

TYPE 

AIRCRAFT 

F-4 

34 

0 

8 

6 

0 

8 

3 

59 

25.65 

B-52 

18 

0 

10 

4 

1 

6 

0 

39 

17.00 

C-141 

14 

0 

1 

1 

3 

4 

2 

25 

10.90 

F-106 

13 

0 

2 

0 

0 

1 

2 

18 

7.80 

A-10 

4 

0 

2 

2 

4 

1 

0 

13 

4.65 

A- 7 

8 

0 

1 

0 

1 

1 

1 

12 

5.22 

F-111 

5 

0 

5 

0 

1 

1 

0 

12 

5.22 

F-15 

7 

0 

0 

2 

1 

2 

1 

13 

4.85 

F-16 

2 

0 

2 

0 

0 

0 

1 

5 

2. 17 

E-3 

5 

1 

3 

0 

0 

0 

0 

9 

4.00 

RC-135 

8 

0 

1 

0 

0 

2 

0 

11 

4.78 

KC-10 

5 

0 

0 

0 

0 

0 

0 

5 

2.17 

AC- 130 

2 

0 

0 

1 

0 

1 

0 

4 

1.74 

C-5 

3 

0 

1 

0 

0 

0 

0 

4 

1.74 

B-IB 

0 

0 

0 

1 

0 

0 

0 

1 

.43 

TOTAL 

CAUSES 

128 

1 

37 

16 

11 

27 

10 

230 

PERCEMT 

CAUSES 

56 

.4 

17 

7 

4.8 

12 

4 

100 

Table  3  details  the  information  acquired  on  BDA  refueled 
aircraft.  The  dataset  consists  of  eleven  different 
aircraft  types,  involved  in  forty  nine  mishap  incidents. 
Twenty  five  of  the  49  mishap  incidents  are  attributed  to 
receiver  pilot  or  boom  operator  error.  This  accounts  for 
SIX  of  the  BDA  mishap  Incidents.  Twenty  four  of  the 
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incidents  were  attributed  to  the  receiver  pilot  and  only 
one  was  attributed  to  the  boom  operator.  No  incidents 
were  recorded  i^ere  the  tanker  pilot  was  involved  in  a 
mishap. 


Table  3.  KC-135  Aerial  Refueling  Mishap  Incidents  with 

Boom/'Drogue  Adapter  Refueled  Aircraft  from  1978  to 
1988. 


CAUSES 

TOTAL 

AIRCRAFT 

PERCENT 

AIRCRAFT 

1 

2 

3 

4 

5 

6 

7 

TYPE 

AIRCRAFT 

F-4(N) 

4 

0 

0 

4 

0 

1 

0 

9 

18.40 

F-14 

3 

0 

1 

3 

0 

0 

0 

7 

14.30 

F-IOS 

6 

0 

0 

1 

0 

0 

0 

7 

14.30 

0A-37B 

1 

0 

0 

5 

0 

0 

0 

6 

12.24 

A-6(M) 

2 

0 

0 

0 

2 

1 

0 

5 

10.20 

F-lOO 

2 

0 

0 

2 

1 

0 

0 

5 

10.20 

F-18 

2 

0 

0 

0 

0 

0 

0 

2 

4. 10 

A- 4 

0 

0 

0 

2 

0 

0 

1 

3 

6.12 

S-3 

1 

0 

0 

0 

0 

0 

0 

1 

2.00 

A-7(H) 

3 

0 

0 

0 

0 

0 

0 

3 

6.12 

EBA-3D 

0 

0 

0 

1 

0 

0 

0 

1 

2.00 

TOTAL 

CAUSES 

24 

0 

1 

18 

3 

2 

1 

49 

PERCENT 

CAUSES 

49 

0 

2 

37 

6 

4 

2 

100 

A  significant  difference  exist  between  several 
causes  categories  when  comparing  KC-135  boom  refueling  to 
BDA  refueling.  Fifty  six  percent  of  the  causes  are 
attributed  to  the  receiver  pilot  in  boom  refueling,  vrtiere 
only  49X  are  attributed  to  the  receiver  pilot  in  BDA 
refueling.  Although  the  difference  is  significant,  it  is  not 
as  substantial  as  the  difference  in  mishap  caused  by  boom 
operator  trtien  comparing  boom  refuelings  to  BDA  refuelings. 

In  boom  refueling,  the  boom  operator  was  the  cause  of 
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17X  of  the  miehape,  where  in  BDA  refuel inge,  the  boom 
operator  wae  responsible  for  only  2X  of  the  mishaps.  This 
result  supports  the  hypothesis  and  the  underlying  belief 
that  the  interaction  of  aircrew  in  boom  refuelings  causes 
more  mishaps  to  occur. 

Hypothesis  Two 

Hypothesis  two  states  that  aircraft  using  the  BDA  method 
of  refueling  will  have  a  substantially  higher  percentage  of 
boom  and  receptacle  failure  mishaps  when  compared  to 
aircraft  using  the  boom  method  of  refueling.  This 
hypothesis  is  posed  because  the  components  required  for  a 
BDA  refueling  (probe  and  BDA)  are  more  delicate  than  the 
components  required  for  boom  refueling.  Also  no  design 
improvements  have  been  done  on  the  BDA  since  its  inception 
in  1961.  The  original  complaint  of  those  refueling  from  the 
BDA  was  that  the  short  length  of  hose  allowed  little  room 
for  manueverabili ty .  Movement  by  the  receiver  pilot  to  the 
outer  edges  of  the  refueling  envelope  while  refueling, 
strains  the  BDA  hose.  This  eventually  leads  to  the  hose 
breaking.  The  drogue  portion  of  the  BDA  also  has  a 
tendency  to  oscillate.  When  pilots  attempt  to  ‘mate*  with 
the  BDA,  off  centered  contacts  are  made,  which  damage  the 
probes.  In  boom  refueling  equipment,  the  receptacle  is 
considered  to  be  very  durable.  The  current  receptacle 
called  the  UABHSI  (Universal  Aerial  Refueling  Slipway 
Installation)  is  the  evolution  of  thirty  years  of 
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receptacle  improvements.  Likewise,  the  boom  has  undergone 
many  improvements  to  make  it  reliable  and  durable. 

Table  2  shows  that  of  the  230  boom  refueling  mishaps, 

27  were  attributed  to  boom  failure  and  receptacle  failure. 

In  the  49  BDA  refueling  mishaps,  21  were  caused  by  boom  or 
receptacle  failure  (Table  3) .  In  comparing  the  percentages 
of  causes,  no  significant  difference  exist  between  probe 
failures  causing  the  mishap  and  receptacle  failure  causing 
the  mishap.  Probe  failure  accounted  for  6.1Z  of  the  BDA 
refueling  mishaps  (Table  3)  and  the  receptacle  accounted  for 
4.8X  of  the  boom  refueling  mishaps  (Table  2).  A  significant 
difference  does  exist  between  the  percentages  of  mishap 
caused  by  boom  failure  compared  to  mishaps  caused  by  BDA 
failure.  The  BDA  was  attributed  with  37X  of  the  BDA 
refuelings  mishaps  (Table  3),  where  as,  the  boom  was 
attributed  with  only  7X  of.  the  mishaps  (Table  4}  .  These 
results  support  the  hypothesis  and  the  researchers 
underlying  belief  that  BDA  refuelings  are  more  difficult 
than  boom  refuelings  and  therefore  more  susceptible  to 
mishaps . 

Hypothesis  Three 

Hypothesis  three  stated  that  f Ighter/attack  aircraft  will 
have  a  substantially  higher  percentage  of  mishaps  caused  by 
aircrew  versus  heavy  aircraft.  This  hypothesis  was  posed 
because  many  Incidents  were  cited  in  the  AFISC  summary 
reports  of  f ighter/attack  aircraft  having  a  difficult  time 
staying  in  the  aerial  refueling  envelope.  One  possible 
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cause  of  this  is  attributed  to  the  destabilizing  effect  of 
the  wake  turbulence  created  by  the  KC-135.  Fifteen  aircraft 
types  were  analyzed.  Seven  of  the  aircraft  types  were 
considered  to  be  f ighter /attack  and  the  reoiaining  eight 
aircraft  were  determine  to  be  heavies. 

Of  the  230  mishaps  attributed  to  fighter/attack  and  heavy 
aircraft,  132  were  caused  by  fighter/attack  aircraft 
(Table  4) .  Of  that  132,  93  were  caused  by  aircrew.  The 
remaining  98  incidents  ¥vere  caused  by  heavy  aircraft 
(Table  5).  Of  that  98,  73  mishaps  were  attributed  to 
aircrew.  When  comparing  percentages,  70X  of  the 
f ighter /attack  mishaps  were  caused  by  aircrews  and  74X  of 
the  heavy  mishaps  were  caused  by  aircrew.  A  comparision 
between  the  categories  of  receiver  pilot  percentages  and 
boom  operator  percentages  for  heavy  and  fig?  er/attack 
aircraft  mishaps  show  no  significant  difference.  The 
f ighter /attack  receiver  pilots  were  attributed  with  causing 
55X  of  the  mishaps  and  the  heavy  receiver  pilots  ?»ere 
attributed  with  SOX  of  the  mishaps.  The  boom  operator  was 
the  cause  of  15X  of  the  fighter/attack  mishaps  and  for  17X 
of  the  heavy  mishaps. 

Although  there  was  no  significant  difference  in  the 
mishaps  caused  by  aircrew  when  comparing  fighter/attack 
aircraft  to  heavy  aircraft,  several  important  facts  were 
obtained  from  the  summary  AFISC  reports.  Because  of  the 
size  of  heavy  aircraft,  the  boom  operators  sometimes  have  a 
problem  with  depth  perception.  This  affects  the  ability  to 
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judge  true  distance.  Several  mishaps  with  the  B-52  occurred 
because  of  this  problem. 


Table  4.  KC-135  Aerial  Refueling  Mishap  Incidents  with 

Flgher/Attack  Aircraft  from  1978  to  1988. 


CAUSES 

TOTAL 

AIRCRAFT 

PERCENT 

AIRCRAFT 

1 

2 

3 

4 

5 

6 

7 

TYPE 

AIRCRAFT 

F-4 

34 

0 

8 

6 

0 

a 

3 

59 

44.70 

F-106 

13 

0 

2 

0 

0 

1 

2 

18 

13.60 

A-10 

4 

0 

2 

2 

4 

1 

0 

13 

9.90 

A-7 

8 

0 

1 

0 

1 

1 

1 

12 

9. 10 

F-1 1 1 

5 

0 

5 

0 

1 

1 

0 

12 

9. 10 

F-15 

7 

0 

0 

2 

1 

2 

1 

13 

9 . 90 

F-16 

2 

0 

2 

0 

0 

0 

1 

5 

3.80 

TOTAL 

CAUSES 

73 

0 

20 

10 

7 

14 

8 

132 

PERCENT 

CAUSES 

55 

0 

15 

10 

6.6 

11 

6 

100 

Table  5.  KC-135  Aerial  Refueling  Mishap  Incidents  with 

Heavy  Aircraft  from  1978  to  1988. 


CAUSES 

TOTAL 

AIRCRAFT 

PERCENT 

AIRCRAFT 

1 

2 

3 

4 

5 

6 

7 

TYPE 

AIRCRAFT 

B-52 

18 

0 

10 

4 

1 

6 

0 

39 

39.80 

C-141 

14 

0 

1 

1 

3 

4 

2 

25 

25.50 

E-3. 

5 

1 

3 

0 

0 

0 

0 

9 

9.20 

RC-’l35 

0 

0 

1 

0 

0 

2 

0 

1 1 

11.20 

KC-10 

5 

0 

0 

0 

0 

0 

0 

5 

5 . 10 

AC-130 

2 

0 

0 

1 

0 

1 

0 

4 

4 . 10 

C-5 

3 

0 

1 

0 

0 

0 

0 

4 

4 . 10 

B-IB 

0 

0 

0 

1 

0 

0 

0 

1 

1 . 00 

TOTAL 

CAUSES 

55 

1 

17 

6 

4 

13 

2 

98 

PERCENT 

CAUSES 

56 

1 

17 

6 

4 

13 

2 

100 
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Hypothesis  Four 


Hypothesis  four  states  that  fighter/attack  aircraft 
will  have  a  substantial ly  higher  percentage  of  mishaps 
caused  by  boom  or  receptacle  failure  versus  the  heavies. 
Hypothesis  four  was  posed  because  of  the  belief  that 
the  turbulence  created  by  the  KC-135  not  only  affected 
the  f ighter/attack  pilots  ability  uo  refuel  but  also 
stresses  the  equipment  more  so  than  heavy  refuelings.  The 
seven  f ighter/attack  aircraft  were  involved  in  17  mishaps 
caused  by  the  failure  of  the  boom  or  the  receptacle  (Table 
4) .  The  eight  heavy  aircraft  had  10  mishaps  caused  by  the 
failure  of  the  receptacle  or  boom  (Table  5) .  When  boom  and 
receptacle  mishaps  are  considered  together  the  difference  is 
6.6X  (16. mishap  incidents  caused  by  boom  or  receptacle 
failure  for  the  fighter/attack  and  lOX  mishaps  caused  by  the 
boom  or  receptacle  failure  for  the  heavies).  These  results 
support  the  hypothesis. 

Hypothesis  Five 

Hypothesis  five  states  that  a  relatively  few  aircraft 
types  will  be  involved  in  at  least  fifty  percent  of  the 
mishaps.  This  hypothesis  was  posed  for  two  reasons;  (1) 

Some  aircraft  types  make  up  a  larger  percentage  of  the  U.S. 
Air  Force  aircraft  inventory.  If  that  aircraft  type  makes 
up  a  larger  percentage  of  the  U.S.  Air  Force  inventory,  it 
will  have  more  of  the  aerial  refueling  and  therefore  more 
chances  for  mishaps.  (2)  Certain  aircraft  type  designs 
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make  them  more  susceptible  to  mishaps.  Aircraft  design 
factors  such  as  location  of  receptacle,  location  of  engines, 
length  of  wings,  speed,  and  flight  characteristics,  can 
contribute  to  mishaps. 

Of  the  230  boom  refueling  mishaps  recorded  in  Table  2, 
three  out  of  the  15  aircraft  types  wrere  responsible  for  over 
half  of  the  mishaps.  The  F-4  accounted  for  59,  the  B-52 
accounted  for  39,  and  the  C-141  was  involved  in  25  of  the 
mishap  incidents.  Overall,  these  three  aircraft  type 
accounted  for  53 . 5X  of  the  mishaps.  Chapter  II  developed 
not  only  the  basic  causes  of  aerial  refueling  mishaps,  but 
also  the  specific  causes  and  these  causes  are  restated  as 
fol lows : 

1.  Receiver  pilot  error 

1.1  Pilot  induced  oscillation 

1.2  Leaving  aerial  refueling  envelope 

1.3  Excessive  closure  rate 

1.4  Mis judgment  of  boom  location 

2.  Tanker  pilot  error 

3.  Boom  operator  error 

3.1  Failure  to  move  boom 

3.2  Improper  commands  to  receiver  pilot 

3.3  Mlsjudgment  of  receiver  location 

4.  Boom/BDA  failure 

5.  Receptacle  failure 

6.  Other  maintenance  failure 


7. 


Undetermined 


Table  6  and  7  isolates  the  more  specific  causes  for  boom 
refueling  mishaps  (Table  6)  and  BDA  refueling  mishaps 
(Table  7) .  Note  Tables  6  and  7  do  not  contain  cause 
category  2  because  there  were  no  tanker  pilot  errors  in 
the  candidate  aircraft.  Also  cause  categories  6  and  7  are 
omitted.  The  emphasis  is  on  the  human  aspect  of  aerial 
refueling  and  the  aerial  refueling  equipment  specifically. 

Table  6.  Aircraft  Types  Causing  Over  Fifty  Percent  of  the 

KC-135  Boom  Aerial  Refueling  Mishap  Incidents  from 
1978  to  1988. 

CAUSES 


AIRCRAFT 

1  .  1 

1 . 2 

1.3  1 

.  4 

3. 1 

3.2 

3.3 

4 

5 

F-4 

6 

16 

8 

4 

5 

1 

2 

6 

0 

PERCENT 

10 

27 

13.6 

7 

8.5 

1 . 7 

3.4 

10 

0 

B-52 

0 

7 

5 

6 

7 

0 

3 

4 

1 

PERCENT 

0 

18 

13 

15 

18 

0 

7.7 

10.3 

3 

C-141 

0 

4 

8 

2 

1 

0 

0 

1 

3 

PERCENT 

0 

16 

32 

8 

4 

0 

0 

4 

12 

In  the 

case  of 

the 

F-4.  27Z 

of 

the  mishaps 

?»ere 

caused 

by 

the  receiver  pilot  leaving  the  refueling  envelope  (Table  6) 
The  high  percentage  of  mishaps  caused  by  receiver  pilots 
leaving  the  refueling  envelope  existed  in  all  aircraft 
types.  The  F-4  is  the  only  aircraft  type  analyzed  that 
experienced  mishaps  caused  by  pilot  induced  oscillation. 

The  summary  reports  do  not  state  if  the  pilot  induced 
oscillation  is  caused  by  the  wake  turbulence  of  the  KC-135, 
the  receiver  pilot  or  the  flight  characteristics  of  the  F-4 
The  receptacle  on  the  F-4  was  never  the  cause  of  a  mishap 
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incidents.  This  supports  the  belief  that  the  TTAHBSI  is 
reliable  and  durable. 

As  stated  in  the  case  of  the  F-4 ,  the  pattern  of  mishaps 
caused  by  the  pilot  leaving  the  aerial  refueling  envelope 
while  refueling  is  again  the  highest  percentage  of  the 
causes  when  analyzing  the  B-52  (Table  6) .  In  the  analysis 
and  results  of  hypothesis  3.  it  was  noted  that  the  boom 
operator,  sometimes  have  a  problem  with  depth  perception 
when  refueling  large  aircraft.  This  makes  it  difficult  to 
judge  the  location  of  the  receiver  aricraft.  As  indicated 
in  Table  6.  18%  of  the  B-52  mishaps  were  attributed  to  the 

boom  operator  failing  to  move  the  boom.  One  of  the  problems 
of  the  AFISC  summary  reports  is  that  those  involved  in  the 
mishap  incident  are  responsible  for  submitting  reports. 
Therefore,  there  may  be  two  perspectives  as  to  what  happen. 
Ultimately,  the  decision  is  made  by  AFISC.  The  point  being 
that  the  receiver  pilot  may  state  that  the  boom  operator 
misjudged  the  location  of  the  receiver  aircraft  and  the  boom 
operator  may  state  that  the  receiver  pilot  misjudged  the 
boom  location  upon  closure.  In  the  cases  of  the  B-52, 
relatively  high  percentages  f»ere  attributed  to  both 
misjugement  of  boom  location  and  misjudgement  of  receiver 
location . 

For  the  C-141,  32X  of  the  mishaps  were  caused  by 
excessive  closure  rate  of  the  receiver  aircraft  (Table  6). 
This  jams  the  boom  into  the  aircraft.  In  many  cases,  the 
boom  did  not  even  hit  the  receptacle.  Reason  for  excessive 
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closure  rate,  could  be  lack  of  training  and  experience, 
response  rate  of  the  receiver  pilot,  or  faulty  instructions 
given  by  the  boom  operator.  More  study  needs  to  be  done  in 
this  area.  The  excessive  closure  rate  percentage  and  the 
leaving  the  aerial  refuel  envelope  percentage  suggest 
that  the  C-141  may  not  be  as  responsive  or  the  receiver 
pilot  as  well  trained. 

Of  the  49  BDA  refueling  mishaps  (Table  3) ,  the  F-4 (Navy) 
accounted  for  nine,  the  F-14  and  F-105  accounted  for  seven 
each,  and  the  0A-37B  accounted  for  six.  These  4  aircraft 
types  accounted  for  59 . 2X  of  the  BDA  refueling  mishap 
incidents . 

Table  7.  Aircraft  Types  Causing  Over  Fifty  Percent  of  the 

KC-135  Boom/Drogue  Adapter  Aerial  Refueling  Mishap 
Incidents  from  1978  to  1988. 

CAUSES 


AIRCRAFT 

1 .  1 

1.2 

1.3 

1.4  3.1 

3.2 

3.3 

4 

5 

F-4(N) 

0 

3 

0 

1  0 

0 

0 

4 

0 

PERCENT 

0 

33 

0 

11  0 

0 

0 

44 

0 

F-14 

0 

3 

0 

0  1 

0 

0 

3 

0 

PERCENT 

0 

43 

0 

0  14 

0 

0 

43 

0 

F-105 

0 

4 

0 

2  0 

0 

0 

1 

0 

PERCENT 

0 

57 

0 

29  0 

0 

0 

14 

0 

0A-37B 

0 

1 

0 

0  0 

0 

0 

5 

0 

PERCENT 

0 

17 

0 

0  0 

0 

0 

83 

0 

Overal 1 , 

the 

percentage  of 

aircraf  t 

leaving 

the  refueling 

envelope  is 

greater 

for  BDA 

refuelings 

than  with  boom 

refuelings . 

This  is 

attributed  to  the 

envelope 

being 

much 

smaller  ,  the 

difficulty  of 

refueling 

from  the 

BDA, 

and  the 
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lack  of  experience  at  refueling  from  the  KC-135  for  Navy 
pilots  (15:2-3).  Also,  the  cases  of  BDA  failure  from  all 
four  aircraft  types  is  high.  The  BDA  method  of  refueling 
has  a  history  of  BDA  oscillation,  hose  whipping,  and  off 
center  connects  and  disconnects.  These  factors  damage  the 
BDA.  The  combined  effect  i^  failure  of  the  system.  Although 
the  percentages  are  high,  the  actual  number  of  cases  is  low. 
This  allows  a  distortion  of  the  data. 

The  0A-37B  has  a  higher  percentage  of  mishaps  caused  by 
BDA  failure.  In  all  five  cases  of  BDA  failure  with  the 
0A-37B,  the  0A-37B  injested  fuel  into  the  engines  causing  a 
flameout.  In  each  case  the  engines  were  restarted,  but 
extensive  maintenance  and  repair  were  required. 

Summary 

In  response  to  the  problem  statement,  seven  basic  causes 
of  aerial  refueling  mishaps  with  the  KC-135  were  determined. 
The  primary  cause  of  aerial  refueling  mishaps  with  the 
KC-135  was  receiver  pilot  error.  When  KC-135  aerial 
refueling  mishaps  are  divided  into  categories  of  BDA 
refuelings  versus  boom  refueling  mishaps,  the  second  leading 
cause  of  mishaps  differs.  The  second  leading  cause  of 
mishaps  for  boom  refuelings  is  boom  operator  error.  The 
second  leading  cause  for  BDA  refuelings  is  BDA  failure.  When 
the  KC-135  aerial  refueling  mishaps  are  divided  into 
categories  of  heavy  aircraft  versus  f ighter/attack  aircraft, 
the  ranking  of  causes  based  upon  percentage  of  the  total 
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causes  are  the  same  across  the  categories.  These  results 
were  in  response  to  hypothesis  one  thru  four. 

Hypothesis  five  addressed  the  desire  to  obtain  more 
specific  information  on  aircraft  types  causing  over  half  of 
the  mishaps.  Again,  aircraft  were  separated  into  categories 
of  KC-135  aerial  refueling  mishaps  with  boom  refuelings  and 
KC-135  aerial  refuelings  mishaps  with  BDA  refuelings.  For 
the  boom  refuelings,  the  F-4 ,  B-52 ,  and  C-141  were  involved 
in  53 . 5Z  of  all  mishaps.  For  the  BDA  refuelings,  the 
F-4(Mavy) ,  F-14,  F-105,  and  0A37-B  accounted  for  59 . 2X  of 
the  BDA  aerial  refueling  mishaps.  Overshooting  the  aerial 
refueling  envelope  and  excessive  closure  rate  were  the 
primary  cause  of  mishaps  in  the  seven  aircraft  types 
selected  for  further  analysis,  with  the  exception  of  the 
0A-37B.  In  the  case  of  the  0A-37B,  the  predominate  cause  of 
mishaps  was  the  failure  of  the  BDA. 
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IV.  Concluaiona  and  Racommandationa 


Tha  objactiva  of  tha  TJnltad  Stataa  and  MATO  dafanaa 
forcaa  ia  to  protact  ivaatarn  intaraat  wharavar  thay  may  ba. 
Thia  protaction  raquiraa  a  myriad  of  dafenaiva  and 
offanaiva  ayatama  working  togathar  to  achieva  that 
objactiva.  Ona  aupport  componant  of  tha  ayatam  ia  tha 
n.S.  tankar  forca.  Of  tha  988  tankara  in  tha  U.S.  and  NATO 
inventory,  approximately  600  of  tha  tankara  are  KC-135’s 
(1).  Tha  uaaa  of  tha  KC-135  for  dafenaiva  and  offanaiva 
purpoaaa  variaa.  Tha  U.S.  Air  Forca  uaaa  tha  KC-135 
primarily  to  aupport  tha  atratagic  bomber  forca.  It  aarvaa 
other  mlaaiona  in  tha  Air  Forca,  auch  aa ,  ferrying  aircraft 
acroaa  tha  ocean,  aarving  aa  an  airborne  refueling  aourca  in 
battle  field  acanarioa,  and  ia  uaad  in  tha  deployment  of 
aircraft  to  other  countrlaa.  Tha  Navy  raquiraa  tha  aupport 
of  land  baaed  tankara  for  the  eiiq>loymont  and  deployment  of 
fighter  aircraft  to  carriara.  With  only  08  tankara  and 
4037  air  rafuelabla  aircraft,  NATO  contingency  plana 
depend  heavily  on  KC-135  aupport  (1). 

With  many  of  tha  U.S.  and  NATO  ayatama  depending  thia 
much  on  tankar  aupport,  tha  conaequencaa  of  failure  are 
great.  Caaea  have  occurred  of  aircraft  being  loat  at  aaa 
bacauaa  of  aborted  aerial  refueling  attampta.  Other  caaea 
have  bean  recorded  of  canopiaa  being  cracked  by  BDA'a 
that  have  diaconnactad.  Thera  are  other  caaea  that  ahow  of 
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r«c«lv«r  aircraft  having  to  land  with  a  portion  of  tha  boom 
still  in  the  receptacle.  All  of  these  cases  impact  the 
mission  and  therefore  inhibit  the  U.S.  and  NATO  allies 
ability  to  protect  western  interest.  To  minimise  the  loss 
or  damage  to  aircraft  and  to  support  the  objective  of 
protection  of  western  interest  it  is  imperative  that  all 
systems  work  reliably,  including  aerial  refuel ln({.  The 
intent  of  this  effort  was  to  note  the  causes  of  aerial 
refueling  mishaps.  Noting  the  causes  is  one  of  the  steps  to 
achieving  the  ultimate  goal  of  resolving  the  system 
Inadequacies.  Once  the  causes  are  known,  emphasis  can  be 
centered  on  ridding  the  system  of  the  inefficiency  and  thus 
improving  reliability. 

Conclusion  One 

The  U.S.  Air  Force  has  devised  a  very  efficient  method 
of  collecting  Information  on  all  aircraft  mishaps  including 
aerial  refueling.  The  information  maintained  by  the  Air 
Force  Inspection  and  Safety  Center  (AFISC)  Reporting  Program 
is  essential  a  database  giving  the  when,  what,  where,  and 
irtiy  of  aircraft  accidents.  Although  effective,  the 
information  maintained  by  AFISC  is  in  the  form  of 
reports.  More  needs  to  be  done  in  the  area  of  data 
collection,  segregation,  and  analysis.  Currently,  AFISC  is 
only  required  to  collect  information  on  incidents  causing 
over  410,000  of  damage.  Many  incidents  occur  that  cause  less 
damage  than  410,000  but  are  extremely  hazardous.  A 
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c«ntr«llBvd  n««dB  to  b«  niBintainod  by  the  conuMnd 

operating  the  KC-135  (Strategic  Air  ComiBand)  that  details 
all  mishap  Incidents.  This  information  should  include 
receiver  pilots  age  and  experience,  boom  operators  age  and 
experience,  time  of  day,  number  of  sorties  refuelled,  and 
type  of  aircraft  refuelled.  With  this  type  of  information  a 
contingency  analysis  can  be  done  to  determine  the  dependency 
between  the  Independent  variable  of  mishaps  and  various 
dependent  variables,  such  as  the  ones  mentioned  above.  Data 
analysis  is  limited  in  that  the  required  Information  is 
imbedded  in  the  summary  reports.  Analysis  can  not  be  done 
without  manually  segregating  the  results  of  the  summary 
reports.  The  researcher  recommends  further  study  into  ways 
to  segregate  the  results  obtained  from  the  summary 
reports,  for  the  purpose  of  easy  data  analysis. 

Conclusion  Two 

Hypothesis  one  suggested  that  aircraft  using  the  boom 
method  of  refueling  experience  a  higher  percentage  of 
mishaps  caused  by  aircrew  than  aircraft  refuelled  using  the 
BDA  method.  This  points  to  the  fact  that  there  may  be 
advantages  to  BDA  refueling.  The  researcher  recommends 
trade  off  analysis  detailing  cost/benef its  to  maintaining  a 
mix  of  aerial  refueling  capability  as  opposed  to  maintaining 
one  method  of  aerial  refueling.  This  trade  off  analysis 
should  include  items  such  as  the  cost/benefit  of  using  the 
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BDA  vertfutf  the  boom  for  f i^hter/ettack  and  heavy  aircraft 
aerial  refueling. 

Conclueion  Three 

Percentage  wiae,  the  boom  had  leak  equipment  failurea 
but  more  aircrew  mlahapa  when  compared  to  BDA  refuelinga. 
Hypotheala  one  auggeated  that  the  interaction  of  aircrew 
(the  boom  operator  and  receiver  pilot)  lead  to  more 
mlahapa.  Although  the  interaction  lenda  itaelf  to  more 
miahapa,  there  la  no  reaaon  that  mlahapa  cannot  be 
minimized  by  training  and  educating  the  pilota  and  boom 
operatora  about  the  peculiar itiea  of  refueling  each 
aircraft  type.  By  the  aame  token,  BDA  equipment  failurea 
can  be  attributed  to  the  lnq)act  of  many  improper 
refuelinga.  The  predominate  uae  of  the  BDA  ia  for 
refueling  Navy  aircraft.  The  KC-ISS  ia  an  Air  Force  aaaet 
and  therefore  apecial  arrangementa  muat  be  made  between 
the  two  aervlcea  to  allow  Naval  aircrewa  to  receive  aerial 
refueling  training  from  Air  Force  tankera.  The  training 
that  the  Navy  recelvea  ia  minimal.  Although  thia 
currently  ia  the  cake,  aa  mentioned  in  the  Approach  article 
written  by  LCDR  Slowik,  there  ia  no  reaaon  that  BDA  miahapa 
can  not  be  decreaaed  by  proper  training,  education,  and 
moat  importantly  experience  at  refueling  from  the  KC-135 
BDA  (10:0) . 
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Conclusion  Pour 

Hypothesis  three  su^^ested  that  f i|{hter/attack  aircraft 
would  have  a  hi^ber  percentage  of  mishaps  caused  by  aircrews 
and  hypothesis  four  suggested  that  f Ighter /attack  would 
have  a  higher  percentage  of  mishaps  caused  by  boom  and 
receptacle  failure  when  comparing  them  to  heavy  aircraft. 
Hypothesis  three  was  xinsubstantiated  by  the  data  and 
hypothesis  four  was  supported  by  the  results.  Therefore 
based  upon  the  researchers  criteria  for  substantial 
differences  listed  in  the  scope  in  Chapter  I, 
fighter/attack  aircraft  do  eyperience  a  higher  percentage 
of  boom  and  receptacle  failure  when  compared  to  heavy 
aircraft.  This  generates  the  question  of  why  do  heavy 
aircraft  experience  less  boom  and  receptacle  failure.  The 
summary  reports  gave  an  indication  that  f ighter/attack 
aircraft  are  effected  by  the  wake  turbulence  of  the  XC-135 
more  so  than  are  heavy  aircraft.  The  effect  of  the 
turbulence  is  an  Increase  of  stresses  on  the  aerial 
refueling  boom  and  receptacle.  The  results  of  hypothesis, 
fours  also  bring  up  the  question,  are  there  positions  on 
the  XC-ISS  airframe  that  could  be  modified  to  accommodate 
aerial  refueling  and  minimize  the  wake  turbulence 
experienced  by  the  aircraft  in  the  aerial  refueling 
envelope. 

The  researcher  suggests  a  simple  and  Inexpensive 
experiment  of  flying  various  aircraft  in  position  of 
likely  points  on  the  XC-130  where  aerial  refueling  does  and 
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poa«ibl«  could  take  placa.  Tho  obaarvad  af facta  vrould  ba  a 
atartln^  point  in  aubatantiating  or  dlaprovln^  tba  ballaf 
upon  whlcb  hypothaaia  four  ia  baaad  and  In  datarminln^  If 
thara  ara  mora  auitabla  pointa  on  tha  KC-13S  othar  than  tha 
aft  fuaalaga  from  which  to  aarial  rafual. 

Concluaion  Fiva 

Tha  aircraft  raaponaibla  for  tha  majority  of  tha  miahap 
incidanta  ia  tha  F-4.  Thia  dacraaaaa  tha  aignificanca  of 
aoma  portiona  of  thia  report  bacauae  of  tha  fact  that  the 
nSAF  ia  phaaing  out  tha  F-4. 

Concluaion  Six 

k  relatively  few  aircraft  typaa  ara  raaponaibla  for  tha 
majority  of  aarial  refueling  miahapa.  In  tha  caaa  of  tha 
boom  rafualinga  thia  can  ba  hypothaaised  to  ba  cauaed  by 
two  main  raaaona.  tha  large  number  of  tha  aircraft  type  in 
tha  Air  Force  inventory  and  tha  lack  of  aarial  refueling 
axparianca  by  tha  racalvar  pilot.  Tha  F-4  and  B-52  make  up  a 
large  part  of  tha  C.S.  Air  Force  aircraft  inventory.  Tha 
raaponalbility  of  tha  KC-139  ia  to  flrat  and  foramoat 
aupport  tha  U.S.  bomber  force.  Aa  atatad  in  tha  backgrovind 
aactlon  of  Chapter  I,  tha  KC-139  waa  developed  to  aupport 
tha  bomber  forcaa.  Without  tha  KC-139,  tha  B-92'a 
international  atrika  capability  bacomaa  vary  limited. 
Therefore .  tha  ability  of  B-92’a  to  aarial  rafual  la 
Imperative  and  for  that  raaaon  aarial  refueling  ia  practiced 
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v»ry  often.  The  F-4,  prior  to  the  development  of  the  P-15 
and  P-10,  was  the  mainstay  of  the  U.S.  Tactical  Air  Forces. 
For  this  reason,  large  numbers  of  the  F-4  wrere  maintained  by 
the  Air  Force.  A  case  of  lack  of  experience  can  be 
attributed  to  the  C-141  having  a  high  percentage  of  the 
mishaps.  The  first  C-141  capable  of  aerial  refueling  was 
delivered  In  1979.  The  last  C-141  modified  was  delivered  in 
1982.  In  a  flying  activity  that  is  Inherently  hazardous, 
such  as  aerial  refueling,  it  takes  time  for  lessons  to  be 
learned  and  procedures  modified  to  make  the  activity  more 
safe.  The  report  covers  a  period  of  1978  to  1988,  Just  when 
the  modified  C-141  was  coming  on  line  and  beginning  to 
gather  experience  at  aerial  refueling.  Therefore,  the 
researcher  hypothesizes  that  the  high  mishap  rate  is 
attributed  to  the  learning  curve  effect. 

In  the  case  of  BDA  refuelings,  the  relatively  few 
aircraft  types  causing  a  large  percentage  of  the  mishaps  is 
attributed  to  the  number  of  that  aircraft  type  requiring 
aerial  refueling  from  the  KC-135.  As  stated  previously, 
the  Navy  uses  the  KC-ISS  primarily  to  ferry  fighter 
aircraft  to  carriers  at  sea.  In  the  time  span  that  this 
report  covered,  the  primary  Havy  fighter  aircraft  were  the 
F-4  and  F-14. 

Conclusion  Seven 

The  researcher  has  Isolated  the  causes  of  aerial  refueling 
mishaps.  The  next  logical  step  would  be  to  associate  the 
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sffecta  with  each  cauee.  The  benefit  of  this  type  of 
information  is  that  it  would  allow  the  association  of  cost 
with  each  effect.  This  type  of  information  would  also 
allow  the  pinpointing  of  the  severity  of  each  incident.  An 
example  of  this  would  be  the  case  of  the  0A37-B.  As  shown 
by  Table  1,  the  0A37-B  experienced  Six  Jilshaps  with  the 
XC-139,  one  by  the  receiver  pilot  and  five  by  BDA  failure. 
The  effect  of  each  of  the  BDA  failures  was  fuel  leakage 
from  the  BDA  and  probe  connection.  The  leaked  fuel  was 
injested  into  the  engines  of  the  0A37-B  and  caused  them  to 
flameout.  By  having  this  information  cataloged  in  an 
easily  used  form,  those  responsible  for  minimizing  mishaps 
can  put  emphasis  on  the  causes  that  occur  most  frequently 
or  on  the  causes  that  have  the  severest  effects,  such  as 
loss  of  lives  and  aircraft. 
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